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A METHODFOREVALUATINGTHEEFFECTSOFDRAGANDINIETPRESSURE
RECOVERYONPROPULSION-SYSTEME RFORMNCE
ByEnil.J.Kkemzier
SUMMARY
A methodof evaluatingtheratioofaircrafthrustminusdragto
idealthrustforsayinletTressurerecoveryispresentedforairplanes
withair-breathingpropulsionsystems.Thequantitiesrequiredforthis
evaluationincludeflightMachnumiberandaltitude,enginetotal-
pressureratioandtotal-temperatureratio,engineair-flowrequirements,
andairplanedrag.Variationoftheratioof incrementalchangesin
inletpressurerecoveryto incrementalchangesindragcoefficientre-
quiredto-titaina givenlevelofairplaneorpropulsion-systemhrust
mtiusdragispresented.Threetypesoftypicalair-breathingengine
havingequalair-flowcapacitiesarecomparedat givenoperatingpoints.
Appli& ionofthe
formmdmnunthrust
meth@ to thedeterminationof
minusdragisalsoincluded.
INTRODUCTION
Theair-inductionsystemofan aircraftwith
inletmass-flowratio
an air-breathing
engineshouldsupplytheprescribedairflowto theengineat highpres-
surerecoverywithas littleexkrnaldragasFOSSible.It isoften
possibleto increasetheinternalthrustofthepropulsionsystemthrough
inletdesignmodificationsthatincreasetheoperatingpressurerecovery
of theinlet.Ifsuchan increaseinpressurerecoveryis obtainedwith-
outincreasingtheairplanedragcoefficient,an increaseinairplane
thrustminusdragwild.result.If,however,aa increaseinairplanex-
ternaldragcoefficientaccompaniestheincreasein inletpressurere-
covery,theresultanteffectontheairplsnethrustminusdragcannotbe
determinedwithoutfurtherevaluationofthepropulsion-systemparameters.
A methodofevaluationofairinductionsystemscotinedwitharbi-
traryjetenginesfromconsiderationsof induction-systemair-handling
qualitiesandenginecomponentcharacteristicsspresentedinreference
1. Reference2 presentsa simplifiedmethcdforcomparingtheperform-
anceof supersonicrsm-jetdiffusers.Thepurposeofthepresentreport
. 
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UMMARY 
 e hod  aluating he tio  rcraft hrust inus ag  
deal hrust r any nlet ~ es ure ecovery s esented r rplanes 
ith r-breathing opulsion ystems. e tities equired r his 
aluation clude light a h mber d titude, gine otal-
es ure t o d otal-temperature tio, gine r-flow equirements, 
nd rplane ag. a iation  he tio  ncremental hanges n 
nlet es ure ecovery o ncremental hanges n ag fficient -
ired o ma nt n  ven evel  rplane  opulsion-system hrust 
inus ag s esented. e  ypes  ypical r-breathing gine 
ving ual r-flow pacities e ompared  ven rating nts. 
p icat on  he ethod o he t rminat on  nlet a s-flow t o 
or axi um hrust inus ag s so ncluded • 
NTRO OCTION 
e ir-induction ystem   rcraft ith  ir-breathing 
ngine hould upply he escribed r low o he gine  gh es
ure ecovery ith  it le te l ag  possi le.  s ten 
sible o ncrease he nternal hrust  he opulsion ystem hrough 
nlet sign o fications hat ncrease he rating es ure ecovery 
 he nlet. f' uch n ncrease n es ure ecovery s tained  th-
t ncreasing he irplane ag effiCient, n ncrease n irplane 
hrust inus rag i l esult. f', owever, n ncrease n irplane -
ernal ag fficient ccompanies he ncrease n nlet es ure e-
overy, he esultant fect n he irplane hrust inus ag annot  
termined ithout urther aluation  he opulsion-system rameters. 
 hod  aluation  r nduction ystems ombi ed ith bi-
rary et ngines rom nsiderations  nduction-system ir-handling 
lities nd ngine omponent racterist cs is esented n eference 
 erence  esents  implified thod or omparing he rform-
nce  upersonic am-jet f users. e rpose  he esent eport 
2 NACATN 3261 *
istopresenta methodforevaluatingtheeffectsofinletpressurere- F-
coveryanddragonpropulsion-system-thrust-minus-dragperfo mancefrom
considerationsof engineover-all“pumping”characteristics.
Theanalysispresentedhereinappliesto a completeairplaneorits
propulsion-systemcmponentswhereselectionof,ordesignmodifications
to,theinletarebeingconsidered.Inletdesignconsiderationssuchas
incorporationofboundary-layerremovalsystemsonscoop-t~einlets,
inletlocationontheaircraft,andchoiceofcowlfairing~d lipangle
willdeterminethelevelofpressurerecoveryatwhichtheinletwill
openatetogetherwiththeassociatedairplanexternaldragcoefficient.
Ifthevariouslevelsofpressurerecoveryanddragcoefficientforthese
designconsiderationsareknown,theequationsandcurvespresented
hereinfacilitatehechoiceof inletformaximumthrustminusdrag.
Otherfactorsthatmaybe affectedlyinletdesignmodificationssuchas
changesinairplaneandcomponentweightsorchangesinenginefuelcon-
sumptionarenotconsidered.
A
F
f/a
k
M
m
m/mo
Thefollowingsymbols
flowarea
compressor-inlet
SYMBOLS
areusedinthisreport:
n
flowareaofturboJetengine
flowareaat M = 1.0
dragcoefficient,D/q#
incrementaldragcoefficient
internal
drag
internal
fuel-air
slopeof
thrustcoefficient,F/q&O
thrust ofengineandinletccmibination
atio
internalthrustratio- pressurerecoverycurve
Machnumber
mass-flowrate .
inletmassflowratio,unitywhenfree-stresmtubeas defined
by cowllipentersinlet *
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s o esent  hod or aluating he fects  nlet es ure e-
overy nd ag  opulsion-system-thrust-minu -drag rformance rom 
nsiderations  ngine r-all "pumping" racteristics. 
e alysis esented rein plies o  om lete irplane  ts 
opulsion-system ompo nts re election ,  sign o fications 
o, he nlet e ing nsider d. nlet sign nsiderations uch s 
ncorporation  undary-layer moval ystems  coop-type nlets, 
nlet ocation  he rcraft, nd oice  owl airing and ip gle 
i l ter.mine he evel  es ure ecovery  ich he nlet i l 
rate ogether ith he sociated irplane ternal ag fficient. 
f he rious evels  es ure ecovery nd ag fficient or hese 
sign nsiderations e nown, he uations nd rves esented 
rein acilita e the oice  nlet or ximu  hrust inus ag. 
o her actors hat y  fected by nlet sign o fications uch s 
hanges n irplane nd omponent ghts  hanges n gine uel on-
umption re t nsider d. 
YMBOLS 
e ol owing ymbols e ed n his eport: 
 low exea 
Ac es or-inlet low rea  urbojet gine 
A* low rea    0 
Cn ag ef iCient, ~S 
~D ncremental ag fficient 
Cl' nternal hrust fficient, ~o 
D ag 
 nternal r st  ngine nd nlet ombination 
la el-ai~ atio 
 lope  nternal hrust atio es ure ecovery urve 
Mach umber 
 a s-flow ate 
mo nlet ss low atiO, ty en re -stream ube s fined 
 owl ip ters nlet 
.. 
co 
N 
t() 
t() 
.. 
•.. 
.. 
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l
--
N/@
P
dp2/po)
1?
%
R
s
T
t
v
‘a
r
5
e
P’
ratioofactualto ratedmechanicalenginespeed
totalpressure
inletincrementalpressurerecovery
staticpressure
ro
free-streamdynsmicpressure,
~ P&02
gasconstant
airplanedragcoefficientreferencearea
totaltemperature,OR
statictemperature,%
flowvelocity
weightflowofairpassingthroughengine
ratioof specificheats
P/2116
T/519
1 + f/a
Subscripts:
o free-stream
1 tiletentrance
2 diffuserexit
e nozzleexit
i idealinletoperation,P2/Po= 1.0
—- —
• 
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N* atio  tual o ated e anical gine peed 
 otal es ure 
.6.(p /P 0) nlet ncremental es ure ecovery 
p tatic es ure 
'f  2 re -stream namic es ure, :r QMO 
 s nstant 
S irplane ag fficient eference rea 
 otal eIlI.P rature, :  
 tatic emperature ~ "R 
 low locity 
Wa ght low  r ssing hrough gine 
'f 
8 
 
atio  ecific ats 
2ll6 
S19 
  /a 
cripts: 
 re -stream. 
 inlet trance 
 ffuser t 
 zzle t 
 deal nlet ration, PO  0 
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Onetypeofpropulsion-systmeffectivenesscanbe determinedfrom
thedifferenceb tweeninternalthrustsmd.theassociatedconfiguration
or componentdrag. Ifa fullyexpandedexhaustnozzlelwithnototal-
pressurelossisassumedforshrplicity,thepropulsionsysteminternal
thrustisrelatedto theefficiencyoftheairinductionsystem.with
thestationdesignationsoffigure1, a thrustparameterforair-
c~+2
breathingengines
m
iS derivedinappendixA. ~is p~meter is
-z
a functiononlyoffree-streamMachnuniberandpropulsion-systemover- %
alltotal-pressureratio.A limearapproximationto eqwtion(B2)for
theinternalthrustratioF/Fi wasmadeinappendixB fora limited
rangeof inlettotal-pressurerecovery(fig.2). Thisrangeisprobably
applicabletomostinletsdesignedfortheMch number smgeconsidered
herein(upto free-streamMachnumioer~ of3.0).ForhigherMachnum-
bers,otherapproximationsto equation(B2)maybenecessary.
—
A setofcurvesfortheevaluationof idealinternalthrustcoeffi-
cient ~.i (basedonfree-streamtubeareaforinletpressurerecovery
P2/Po of’1.0)andslopeofthethrustratio- pressurerecoverycurve
k offigure2 obtainedfromtheequationsderivedintheappendixesis
l
presentedinfigure3. ThecurvesinquadrantI (fig.3)maybe entered
+7+2 n-
with (Pe/Po)i= Pe/F2 and ~ to obtain
~’.
Readingto the
rightinquadrantIIwith Te/T2yieldsCF,i.EnteringquadrantIII
. .() CF-+ 2with(Pe/l?o)iand ~ givestheratio , which,cF,i+2 P2/Po=0.667
togetherwith ~,i, determinesk inquadrantIV.
Generalizednginepumpingcharacteristicsfora typicalturbo~et
enginearepresentedinfigure4. Fromcurvesuchasthese,’engine
total-pressureratioPe/P2 andtotal-ttieratureratioTe/T2 canbe
determinedforanycorrected-engine-speedg~tio ~ ~d wed ~th
P
f@U.YX23 tC)ObtdII cFji aad k, as discussedpreviously.Knowingk,
thevariationofinternalthrustratiowithinletpressurerecovery
%he assumptionofa follyexpandedexhaustnozzleresultsinvalues
ofpropulsionsystemthrustcoefficientsubstantiallythesameasthose
obtainedwitha sonicnozzleforflightMachnuribersup to aboutunity.
As flightMachnumbersareincreasedintothesupersonicregion,however, “
considerablyhighervaluesofthrustcoefficientareobtainedwiththe
.—
fullyexpandedexhaustnozzle.
l
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e ype  opulsion-system. ffectiveness an  termined rom 
he f er nce twe n nternal hrust and.the sociated nfiguration 
 omponent ag.   ully xpanded haust zzlel ith o otal-
es ure oss s ssumed or implicity, he opulsion ystem nternal 
hrust s elated o he ficiency  he r nduction ystem. With 
he tation signations  igure   hrust rameter or r-
CF  2 
eathing ngines s rived n ppendix  This arameter s 
"JTe/T2 
 unction ly  re -stream a h umber nd opulsion-system. er-
l otal-pressure atio.  inear pproximation  uat on B2) or 
he nternal hrust atio  /F i s de n ppendix  or  imited 
ange  nlet otal-pressure ecovery fig. . s ange s obably 
plicable o t nlets signed or he ach umber range nsider d 
rein up o re -stream h umber Me  5 0). r gher a h um-
rs, her pproximations o uation B2).IDaY  ces ary. 
 t  rves or he aluation  deal nternal hrust ffi-
ient  i based n re -stream ube ea or nlet es ure ecovery , 
2/PO  1.0) nd lope  he hrust atio es ure ecovery urve 
  igure  tained rom he uations rived n he ppendixes  
esented n igure :3  e rves n adrant  fig. :3  y  tered 
~ i + 2 
ith Pe/PO)i e/P2 nd Me o tain ' . ding o he Te/T2 
ight n adrant  ith /T2 elds  ering adrant II 
ith Pe/PO)i nd Me ives he atio (Cc;'!~2~  ch, ~F,i Y 2/PO=0.667 
ogether ith Or i' termines  n adrant V. , 
ralized ngine umping racterist cs or  ypical urbojet 
ngine re esented n igure  rom 'lJ.!Ves such s hese,' ngine 
otal-pressure atio /PZ nd otal-temperature atio lTz an  
termined or ny orrected-engine-spe d~_atio N/~ and used with 
igure :3 o o tain C ,  nd  s iscu_s. ed eviously. wing  
he riation  nternal hrust atio ith nlet es ure ecovery 
~  ssumption   ully xpanded xhaust zzle esults n lues 
 opulsion ystem hrust fficient bstantially he ame s hose 
tained ith  onic zzle or light a h umbers p o bout ty. 
 light a h umbers re ncreased nto he upersonic egion, wever, 
nsiderably gher lues  hrust fficient e tained ith he 
ully xpanded haust zzle. 
• 
NACATN 3261 5
.
%’/% isdefined.Ifthegeneralizednginecharacteristicsareun-
.
available,theenginetotal-pressureandtotal-temperatureratiosfora
givensetofengineoperatingconditionscanusuallybe obtainedfrcm
theenginemanufacturers’performanceharts.
In orderto evaluatethethrustminusdragofanaircraft,thecon-
figurationdragmustslsobe knowil.A convenientexpressionforthe
F -D
evaluationofthrustminusdragis — Fi “ Theqyantity F/Fi hasbeenEg discussedintheprecedingsection,sothatonJ.yD/Fi,whichisdefined
as followsremainstobe considered:
D c~
~ = %?,iAO,i
AirplanedragcoefficientCD will,of course,be influencedby such
factorsastheaerodynamicshapeoftheairplane,theflight&h ntier
sadaltitude,andtheinletmass-flowratio.Theinletsizeisdeter-
minedfromWet-enginematchingcriteria(ref.3). Oncetheinletsize
hasbeenselected,thedragassociatedwiththeNet willbe determined
by theair-flowrequirementsoftheengine.@icsl turbojet-engineair-
flowrequirementsareshowninfigure4(b)asa functionof corrected-
engine-speedratio.In orderto evaluatean airplanedragcoefficient
at a givenflightWch numberandaltitude,thevariationof dragcoef-
ficientwithengineair-flowrequirementsmustbe known.
Withengineair-flowrequirementsobtainedfromfigure4(b),the
ratioof idealfree-stresmtubeareato compressor-inletflowarea
Ao,@c c= be det’=~~edfromtheCmves off-’= 5 based”‘ncont’~-
ui<yrelations:
‘afl0.02022—E&
b, iAc = (A*/f+)
Knowingthecompressorinletflowmea AC)it is
for ~,i.
thenpossibleto solve
Theevaluationof ~,i hasbeendiscussedintheprecedingsection
and S isa knownquadity fora givenaircraft.Thusall.q-tit ies
necesssryforthedeterminantionof D/Fi havebeendiscussed.
By definition~, iAo,i = ‘i/qo“ Consequent,thete~ ~, iA-0,i
mayalsobe evaluatedby dividingtheengineidealthrustby ~, Pro-
vidingsuchinformationismorereadilyavailablethanthatpresented
h theforegoingparagraphs.
N
• 
• 
.. 
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P2/PO s fined. f' he ralized e gine acteristics e 
ilable, he ine t l-pressure d otal-temperature tios r  
ven t  ine rating itions n l y  ained cm 
he gine a acturers I rformance c rts. 
n der  luate he rust i us ag   rcraft, he n-
iguration ag u t a so  .  nvenient res ion :f  he 
 - D I luation  hrust inus ag s F . e u ti   Fi s n 
i 
scussed n he eceding ction,  hat ly /Fi , ch s fined 
 ol ows emains   nsider d: 
i plane ag fficient  i l,  urse,  nfluenced  uch 
actors  he erodynamic hape  he rplane, he light Mach umber 
and titude, d he nlet a s-flow tio. e nlet ize s er-
ined from. inlet- ine atching iteria ref. 5 . ce he nlet ize 
s en lected, he ag sociated ith he inlet i l  termined 
 he r-flow equirements  he gine. Typical urbojet-engi e r-
low equirements e hown n igure b)   unction  rrected-
gine-speed atio. n der o V luate  rplane ag fficient 
  iven light Mach umber nd titude, he iation  ag ef
cient ith gine r-flow equirements t  nown. 
i h gine ir-flow equirements tained rom igure b), he 
atio  deal re -stream ube ea o es or-inlet low ea 
Ao i/Ac can be determined from. the curves of figure 5 based- on contin-, 
ity elations: 
Owing he cmpressor nlet low are  c ' t s hen sible o olve 
or Ao,i' 
e valuation   i s en iscussed n he receding ection , 
nd  s  nown ntit  or  iven ircraft. us ll uantit es 
ces ary or the terminatio   Fi ave en iscussed. 
 finition, ~O,i  F /~' onsequently, the term ~,iAo,i 
y lso e valuated  ividing he ngine deal hrust y  pro-
iding uch information is re readily vailable than that resented 
in the foregoing aragraphs . 
... 
I6
been
Thequantity
showntobe a
Foran increasein
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F -D
— fora givenairplane-enginecombinationhasFi
.
functionof inletpressurerecoveryandairplanedrag.
inletpressurerecoveryand/ora decreaseinairplane
F -Ddrag,— obviouslyincreases.Iftheinletpressurerecoveryand
‘i
airplanedragsimultaneouslyincreaseordecrease,theircombinedeffect
my isnot3mnediatelyapparentsndtheindividualtermsmustbe
evaluatedto determinethetrendofthisquantity.It cambe pointed
F -D
out,however,thatif ~ remainsunchanged,sm increasein inlet
pressmerecoveryenddrag’coefficientwouldincreasethepropulsion
systemfuelconsumptionbecauseoftheincreaseinsizeofthefree-
streamtubeofairpassingthroughtheinlet”ata givenengineoperating
point(appendixB).
Itmaybe ofinteresto obtaintheincrementintiletpressure
recoveryrequiredto overcomea certainincrementinairplanedragcoef-
ficientassociatedwithanairplanedesignmodification.Forthiscon-
F -Ddition,thequantity~ remainsconst&”t:
-L
F -D P2 c+
—=k—Fi +(l-k)- = constant
‘o cF,iAO,i
or
(1)
then
o AC+kA1 =‘o %, i?o,i
and
Fora givenairplanethen,
A(p2/po]
MD isa functionof
*
F
ixD %,i%,i .-
—
where S remaim.f3xed,thequantity
thefactorsk, ~,i, and ~,i asdetermined *
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  e ntity F. or  iven irplane-engine cm ination s 
~ 
en hown o   Unction  nlet es ure ecovery nd irplane ag. 
 n ncrease n nlet es ure ecovery d/or  crease n irplane 
 D ag, F viously ncrease . f he nlet es ure ecovery nd 
i 
irplane ag imultaneously ncrease  crease, heir ombined fect 
on 
F - D 
Fi 
s t-il:nme ately parent and he ndividual erms t  
aluated o termine he rend  his ntity.  an  O nted 
 D t, wever, hat f F emains changed, an ncrease n nlet 
i 
es ure ecovery and ag coefficient ld ncrease he opulsion 
ystem uel onsumption cause  he ncrease n ize  he re -
tream ube  r ssing hrough he nlet·   iven gine rating 
nt ap endix . 
t y  f. nterest to tain he ncrement n :1n et es ure 
ecovery equired o vercome  rtain ncrement n irplane ag ef-
icient sociated ith  irplane sign o fication.  his on-
 D tion, he ntity Fi emains nstant: 
  P2 (1 _ k) _ enS F = k -p  C A  c nstant 
i 0 fO,i 
1) 
 
hen 
nd 
s 
= ::-:::---:---k~,iAo,i 
• 
,.. 
  iven irplane hen, re  emains. ixed, he ntity 
6 P2/PO) » 
s  unction  he actors   i' nd Ao i s termined OOD' , 
.. 
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in theprecedingsections.Thus,iftheengtnepumpingcharacteristics
A(P2/pO)- be
(fig.4) andcompressor-inletm a ~ areknown, ND
evaluatedforanyfree-stresmMachmm.iher,altitude,andengineoperat-
irlgpoint.
As willbe discussedlater,equation(3)csualsobe appliedto the
F-D
evaluationof inletmass-flowratioformaximum~.
111.ustrativeExample
A(P#PO)
An illustrationftheevaluationof MD canbe obtainedby
consideringa turbo~etengine(noafterburner)withpumQingcharacters-
ticsas showninfigure4. Forthisexample,thefollowingassumptions
sxemade:
Free-stresmMachnumber,~.. . . . . . . . . . . ...””. ““2”0
Altitude(isothermalregionofatmosphere),ft . . . 35,000andabove
N/N* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.0
t,%(ref. 4) . . . . ..-. . . . . ..”. 000-- .o*” 3920
t/T(ref.4) . . . . . . . . . . . . . . . . . ..”. ””. ”0”5556
Fromthis~ormation,To = T2 =
engine-speedratio
Yk!Iz=
N*
706°R and W= 1.166.Corrected
1.0
—= 0.8571.166
Fra figure4,
‘e/pz= 1.41
and
Te/T2= 1.97
EnteringquadrantI infigure3 tith pe/p2 or (p~po)i of 1.41 and
~ of 2.0 sndreadingacrossintoquadrantIIwith T~T2 of 1.971
yieldsa valuefor ~,i of1.15” QuadrantIIImaythenbe entered
withthesamevaluesof Pe/P2 ~d ~ (1.41and‘2.0,respectively]to
()
5+2
obtaintheratio Withthisratioand CF,i
%i + 2 P2/Po=0.667.
• 
. A  5 l 7 
in t e receding tions. , if' t e ine ing acteristics 
~(P2/PO) ig.   essor-inlet area Ac e own, t:C can be 
D 
luated  y ee-stream a h number, ltitude, d ine at-
ing int. 
 i l  scussed ter, ation 5) an so  lied  he 
luation f i let ass-flow r tio f r aximum F ; D. 
i 
Illustra ve mple 
~ P2i O) 
 llustration  the luation  t:£ n  ained  
D 
si ering  turbojet gine (no terburner) ith pi g racteris
tics s shown in figure .  his ample, he ol owing ssumptions 
are e: 
ree-stream a h umber, MQ . . . . . . . . 
ltitude (isothermal region f tmospher ), t 
/N* . . . . . . . . . . . . 
, DR (ref. ) . . 
tiT ( ef. ) .. . 
. . . 2.0 
5 ,0  d bove 
 LO 
5920 
0.5556 
rom. his information, O    60  nd ...;e = Ll6 . rected 
ngine-speed atio 
NI..JS _ LO N* - Ll66 = 0.857 
rom. igure , 
nd 
/T2  L97 
tering uadrant I in figure 5 with Pe/P2 or (Pe/PO)i of L l and 
Me f .  and eading cross into uadrant I th el  f l.97, 
yields a value for  i of l.l5. drant II y then e ntered 
ith the same values f e /P2 and Me loU nd 2.0, espectively) o 
btain the ratio (CF~i++22\ ith this atio nd  ~, 'l 2/PO=0.667. 
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alreadydetermined,k maybe evaluatedinquadrantIV. Dashedlines
witharrowshavebeendrawnonfigure3 to indicatetheproceduretobe
followedinreadingthecurves.Forthisexemple,a valueof k of
1.37isobtained.
Fromequation(3},
and
-. --
‘D = k~,;~,i = “
““. .-
s
%, i
A(p2/po)Aoi
Variationof —+ withfree-streamMachnumber~ ispre-
~D
sentedinfigure6. Curvesfortheturbojetenginewithafterburnerand
fora rsm-jetenginehavealsobeenincluded.A nozzle-exittotaltem-
peratureTe of3500°R wasassumedforthesetwoengines.Thecom-
parisonforalltheseenginesisbasedone@.alair-flowhandling <-
capacities.
‘(p2/pO) ‘O,i on~h ~me~ offi~e 6 area function .
Valuesof ACD s
onlyoftheenginetotal-pressureandtotal-temperatureratiosfora
givenflightMachnumberandaltitude.Fortheoperatingconditions
‘(p2/pO)%,i at a free-stre~~chnuder of2 0
chosen,thevalueof ~ s .n
fortheturbojetengine(n;afterburner)isapproxhnatelytwicethatfor
theran-jetengineorturbojetenginewithafterburner.Thiscomparison
wouldchange,ofcourse,fora changeintheoperatingpointof anyof
theengines.Fora turbojet-poweredairplaneusingthewingareaasa
reference,a typicalvalueof S/~,i mightbe 25. Theqmntity
A(p2/pO)forthis
ACD
iS 15.8(fig.6).
valueof S/~,i ata
Tomaintaina constant’
draQcoefficientwouldcreaseof0.001h -
z3(P+o)ininletpressurerecovery.If MD
free-stresmMachnumberof2.0,
F -D
valueof — Fi then,an in-
requirean increaseof0.0158
fortheactualairplaneis
greaterthan15.8,thepressure-recoveryincreasewilloutweighthein-
F -D ‘
4
creaseindragcoefficientand — Fi willticrease.Theconverseof
thisstatementisalsotrue. G
 CA  61 
ready termined,  y  luated n drant V. hed ines 
i h rrows ve en awn  igure  o ndicate he ocedure o  
ol owed n eading he rves.  is ample,  lue    
37 s tained. 
om uation 3), 
d 
s _ S/Ao,i 
 Cr iAo i - 1.37xl.15 , , 
S 
= 0.634 -;;:::-
-"'0,  
b.(P2/PO) O i a iation  ~D ~ ith re -stream a h mber Me s e-
ented n igure  ves or he urbojet gine ith terburner nd 
or  am jet gine ve so en ncluded.  zle-exit otal em-
rature   5 000  s ssumed or hese wo gines. e om-
rison or ll hese gines s sed  qual r-flow ndling 
pacities. 
L1(P2/PO) AO i ues  l:IJ ~ on the curves of figure 6 are a function 
D 
ly  he gine otal-pressure nd otal-temperature atios or  
iven light a h umber nd titude.  he rating nditions 
b.(P2/PO) Ao i hosen, he lue   ~ at a free-stream Mach number of 2 0 
D 
or he urbojet gine no fterburner) s proximately wice hat or 
he am-jet ngine  urbojet ngine ith terburner. s omparison 
ld hange,  urse, or  hange n he erating int  ny  
he gines. r  urbojet-powered irplane ing he ng rea s  
eference,  ypical lue  /Ao i ight  . e uant ty 
b.(P2/PO) , 
l:IJ for this lue  Ao,    re -stream h umber  . , 
D F _ D 
s .8 fig. .  a ntain  nstant lue  F i hen, n n-
rease  .0 1 in ag efficient ld equire n ncrease  .0158 
b.(P2/PO) n nlet es ure ecovery.  l:IJD J: r he tual irplane s 
eater han .8, he es ure-recovery ncrease i l tweigh e n-
  
rease n rag efficient nd F i l increase. e onverse  
i 
his tatement s lso rue. 
.. 
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Ihletmass-flowratiofor
enginecomhinati.onmayalsobe
thrustminusdragoccurswhen
9
opthum thrustminusdragoftheWet-
.—.
obtainedfrom
a{mimo}
to equation(3)h clifferentialformand,
mass-flowratio, “
@?/prJ s
o.
if
equation(1). Msximun
Thisrelationleadsdirectly
expressedintermsof inlet
Fromtheassunrptionsoftheforegoingexample,
%?,;%l,i = 15’8”A
realisticvalueof ‘= (at ~d(m/~) = 2.0)wouldbe ontheorderof -0.5
basedoncowl-liparea(seeref.5,e.g.).Ifthereferenceareaiscon-
vertedtowimgarea,
&
becomes-0.0167fora ratioofwingareato
d(p~po)
cowl-lipareaof 30. Thus
-
= -0.264fortheprecedingcondi-
tions. Consequently,thepointontheinletpressurerecovery- mass-
flow-ratiocurvewheretheslopeis eqml to -0.264definestheinlet
F -D
mass-flowratioforwhicha maximumvalueof — isobtained.For
‘i
theinletoffigure7,thismass-flowratioisapprmimtely0.82as
determinedfromthepointoftangencyofthedashedline(slope= -0.264)
sadthepressure-recoverycurve.Theoptimumass-flowratioobtained
h thismannerrepresentsa morerapidprocessthanthatof calculating
thethrustminusdragfora rangeofmass-flowratiosto determhethe
maxm value.Variationof imletdragcoefficient(basedon inletcap-
turearea)withmass-flowratioisalsoincludedinfigure7. This
variationisnotnecessarilyinearas shownforthetypicalinletchosen,
buta linearapproximationto a nonlineardragcoefficientcurvecan
probablybemadefortherangeof inletmass-flowratiosconcerned.It
F -Disinterestingtonotethatthemass-flmwratioformsxhmm — F<
occursintheregionbetweencritical
recovery.
Thederivationsand
oftheratioofaircraft
CONCLUDING
(mtiimumdrag)andpeakpr;ssure
thecurvespresented
hrust*US dragto
.
hereinpermitevaluation
idealthrustin Orderto• 
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nlet a s-flow atio or ptimu  hrust inus ag  he inlet-
ngine ombination  lso  tained rom uation 1). aximum 
 
dry) 
hrust inus ag curs en ~ =  is elation eads rectly 
o uation 3) in diff ential orm nd, f pressed n erms  nlet 
a s flow atio, 
S dCn 
= k~, iAo, i d(m/mo) 
rom he ssumpt ons  he oregoing xample, ~ S:Ao = 15.8. A 
dCD ,± ,  
ealist c lue  d(m/mo) at Mo  .0) ld   he der  0.5 
sed  -lip ea se  ef. , g.).  he eference rea s n-
. 
dCn 
rted o ng ea, d(m/ ) ecomes 0.0167 or  atio  ng rea o 
Illo d(pdpo) 
-lip ea  . us d(m!mo)  0.264 or he eceding ndi-
ions. sequently, he nt  he nlet es ure ecovery a s-
low-ratio rve re he lope s ual o 0.264 fines he nlet 
 n 
a s-flow atio or ch  ximum lue  F s tained.  
 
he nlet  igure  his a s-flow atio s proximat ly 82 s 
termined rom he nt  angency  he shed ine slope  0.264) 
and he es ure-recovery rve. e ptimu . a s-flow atio tained 
in his ner epresents  e apid ocess han hat  lculating 
he hrust inus ag or  ange  a s-flow atios o termine he 
ximum. lue. a iation  nlet ag fficient based  nlet p-
ure rea) ith a s-flow atio s lso ncluded n igure . s 
riation s t es arily inear s hown or he pic~l nlet hosen, 
  inear pprOximation   linear ag fficient urve an 
obably be de or he ange  nlet a s-flow atios ncerned.  
 n s nteresting o te hat he a s-flow atio or aximum F. 
~ 
curs n he egion twe n itical minimu  ag) nd ak es ure 
ecovery. 
NCLUDJNG REMARKS 
e rivations nd he rves esented rein rmit V luation 
 he atio  rcraft hrust minus ag o deal hrust n o r  
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.
facilitatehechoiceof inletforitspropulsionsystem.An equation
fortheratioof incrementalchangesinwet pressurerecoverytoasso- ‘
ciatedincremental.chaugesinconfigurationdragcoefficientrequire-dto
maintaina constantlevelofthrustminusdragispresented.Thisqua-
tionisalsoapplicabletothedeterminationof inletmass-flowratio
formaxirmunt~t minusdrag.Themethodappliestoanyair-breathing
enginewheretotal-pressureratio,total-temperatureratio,andair-flow
requirementsareknown. —
“LewisFlightPropulsionLaboratory
NationalAdvisoryCcmmitteeforAer&autics
Cleveland,Ohio,June29,1954
l
 CA N 261 
acilita e the oice  nlet or ts opulsion ystem. . uation 
or he atio  ncremental hanges n inlet es ure ecovery o so-
iated ncremental hanges n nfiguration ag fficient equired o 
a ntain  nstant evel  hrust inus ag s esented. is ~ ­
ion s lso plicable o he termination  nlet a s-flow atio 
or ximum thrus  inus ag. e hod plies o ny ir-breathing 
ngine re otal-pressure atiO, otal-temperature atio, nd ir-flow 
equirements re nO'WD.. 
"Lewis ight opulsion oratory 
a ional isory o t ee or ona ics 
eveland, o, une , 954 
..
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APPENDIXA
DERIVATIONOFTBFWSTPARAMETERFORAIR-~G PROPtlISIONSYSTEM
Fora power-plantinstallationwitha completelyexpandedexhaust
nozzleat eachflightcondition(fig.1),theinternalthrustisgiven
by
F
= ‘eve- ‘O (Al)
In coefficientformbasedonthefree-streamtubeareaoftheairflow
passingthroughtheengine,equation(Al)becomes
.
1/2
-.2
-- TransposingtermsandconvertingexitMachnumbertopressure-ratio
rekti.onsyields
%+2
1/2=
r)
#eTe
p Y&oTo
.
2
l- e-l
Fora corgpletel.y~ded exhaustnozzle,Pe = PO and,forequation(A3):
Consequently,
CF+2
Pe PoPo
——
q= Po Pe
equation(A3) csmbe written
* %)
as
,
2
Ye-l
.
1
.
.
./2
(A3a)
CA N 5261 II 
PENDIX  
RIVATION  HRUST ARAMETER OR R-BREATHING ROPULSION YSTEM 
  r-plant nstallation ith  letely xpanded haust 
zzle  ach igh~ ndition fig. , he nternal hrust s iven 
 
Al) 
n fficient orm sed  he re -stream ube ea  he r low 
ssing hrough he gine, uation Al) ecomes 
or 
ansposing erms nd nverting it a h umber o essure-ratio 
ela ions elds 
Sr + 2 
(A2) 
(A3) 
r  mpletely expanded haust zle,   o nd, or uation A5 : 
 O  
Pe =  e 
sequently, uation A3  an  r t en s 
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CF+2
andthethrustparsmeter ~ z becomesa uniquefunctionof
( )’
TeReTe
p T&OTO
free-streamkh nunherandover-allpower-planttotal-pressureratio,
(),
l/2
Y#e
PJPO. ForthisanalysiB,it~s ass~d that
‘m ‘1’
Ye = 1.32,and yo = 1s400
.
Theover-alltotal-pressureratiope/pomy be ~ressed as
Pe PeP2
q=~q (A4)
wherep2/po istheinletpressurerecoveryand ‘e/p2 istheengine
pressureratio.Thusfora givenenginepressmeratio,theeffectof
inletpress- recoveryonover-alltotal-pressmeratio,end,conse-
quent, thrustparsmeter,csabe determined.
.
.
12 NA.CA TN 5261 
CF + 2 
and the thrust parameter be omes a unique f tion of iJ/! e e \ 1/2 
Vc!'OT;) 
free-stream Mach number and over-all power-plant 
For this analys is , it was assumed that 
Ye  1.52, and YO  1.40. 
total-pressure 
1/2 (!~e\ iJ.\{oRO) = 1, 
ratiO, 
he er-all total-pressure ratio P /PO ay b  expressed a  
( 4) 
where P /PO is the i let ressure r covery a d Pe/P2 is the engine 
pressure ratio. s f r a iven e gine ressure r tiO, the ffect f 
inlet pressure recovery on over.-all total-pressure ratio, and, conse-
quently, thrust parameter, can be determined. 
.. 
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APPENDIXB
EVALUATIONCl?VARIATIONOF INERNAL
PRXSSURERECOVERY
TERUSTWITHINIEI!
If,fora givenengineata givenoperatingpoint,theenginetotal-
@ pressureratio Pe/P2,total-temperatureratioTe/T2(Te/T2= Te/To)~
CJ andfree-streamkhnuuiber~ areknown,thevariationof F/Fi with
P2/Po canbe determinedfrm equation(A3a)withtheaidof equation
Pe Pe[A4). For P2/Po= 1.0,~ = ~. Whenthesevaluesof pe/pOjTe/T2>
~, and P~pO (~ction of ~) areinsertedintoequation(A3a),a
valueof ~, i isobtained.Forvaluesof P~PO < 1.0,~ canbe
determinedby imsertingtheappropriatevaluesof P~PO intoequation
(A3a)asdeterminedfrcmeq~tion(A4).Fore=h valueof P~Po
assumedthen a valueof CF/CF,i canbe obtained.
. %%%3%e=%,@o,i = %?, ib, i
.
and
At a givenengineoperatingpoint,~ isconstant;
Now
[Bl)
consequentlyy
A*/A2= (A*/.2)Land,~~, ~ = P@2, ~ = P2/Po.Therefore,
. F p2 CF
—=~cF, i (B2)
‘i
Variationof F/Fi with P~PO .issho~ h fi~e 2 (solid~fie)
for ~ = 2.0,Pe/P2= 2.38,and Te/T2= 4.0. Thecurveisseentobe
nearlyltiearandcouldbe approximatedwitha strai@tline(long
dashes) drawnbetweentheendpotitsat F/Fi= O and1.0. Thisapprox-
imateionwouldintroducesomeerror,however,pafiic~r~ ~ themid~e
regionofthecurve.A moreaccurateapproximateioncanbe obtainedby
. assuminga linearvariationof F/Fi forvaluesof P2/Po between
0.667and1.0(shortdashes)whichisingoodagreementwiththeactual
.
A  5 l l5 
ENDIX  
. lliATION OF IATION  INT NAL HRUST ITH N:LEr 
ES UBE COVERY 
, r  iven gine   iven rating int, the gine al-
~ es ure t o e/P2' otal-temperature tio T2 Te/T2  /TO)' ~ d re -stream Mach mber Me e own, he iation  Fi i h 
2/PO n  termined ro . ation A5a) i h he d  ation 
e e (A )   2/PO  LO, P  p' h n hese lues  P /PO' /T2, o 2 
Mo, and po/Po (f\mction of MQ) are inserbed into equation (A5a), a 
lue   ,  s tained.  lues   Jp 0  l. 0, C:rr n  
termined  nserling he ropriate lues   e/  nto uation 
(A5a)  termined ran uation A4).  ach lue f' pJp  
ssumed   lue  /CF ,  n  tained. w 
F Cp.~ ¥o 
Fi = C:FJi~,i  C:rr,iAo,i 
nd 
t  iven ngine erating int,  s nstant; onsequent y, 
/A2  (A*/A2)i nd, AoIAo,i  pdp 2,i  2/PO' refore, 
F P2 F 
Fi = % CF,i 
(Bl) 
B2) 
iat on  Fi ith pdpo. s hown in igure  SOlid line) 
or Me  .0, /P2  .38, nd /T2 a .0. e urve s een o  
arly inear nd ould  pproximated ith  traight ine long 
ashes) rawn etwe n the nd ints  Fi  0 nd La. is pprox-
imation ld introduce some rror, owever, rticularly in the iddle 
region f the urve.  re ccurate pproximat on an  tained  
ssuming  inear riation f /Fi or alues f 2/PO etwe n 
.6 7 nd l.O (shorb ashes) ich is in ood greement ith the ctual 
14
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(solidline) formostoftheusefulmnge ofinletpressurerecov-
obtainableatfree-streamMachnumbersUD to about3.0. This
* straight-lineapproximationfor F/Fi canthe~bewritten
F P2
~=k~ +(1-k) (B3)
wherek istheslopeofthecurveandisgivenby
(B4)()~- (F/Fi)p2/pO=o.667=3-23k= 0.333 %,i P2/Po=0.667
Forconvenience,a setofcurvesobtainedfromequation(B4)andthe
eqwtionsofappendixA havebeenpresentedinfigure3“forthedeter-
minationof k.
1.
2.
3.
4.
5.
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— Theoreticalvariation
—— Firstlinearapproximation
—--— Linearapproximationused
inanalysis
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— Turbojet(noafterburner)
.70 ——— TurboJet(withafterbumer)(Te.3500°R)
—.— Ramjet(Te= 3500°R)
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